Objective: Studies assessing the characteristics and management of patients hospitalized with asthma have been limited to a small number of facilities and have evaluated short time periods. The present study evaluated long-term changes among hospitalized asthma patients at a large number of facilities. Methods: This was a retrospective, hospital-based observational case series, designated the Study of Severe Asthma in Latin America and Spain, which was conducted in Spain and in eight Latin-American countries. We reviewed the hospital records of 3,038 patients (age range, 15-69 years) hospitalized with acute severe asthma at one of nineteen tertiary-care hospitals in 1994, 1999 and 2004. Results: Over time, the use of inhaled corticosteroids and long-acting β 2 agonists increased significantly, whereas the use of theophylline as a controller medication decreased. The utilization of pulmonary function tests also increased. There was a significant reduction in the mean hospital stay (8.5 days, 7.4 days and 7.1 days in 1994, 1999 and 2004, respectively, p = 0.0001) and a significant increase in the mean of the lowest arterial pH at hospital admission. In contrast, there was a significant decrease in the proportion of cases in which PEF was determined in the emergency room (48.6% in 1994 vs. 43.5% in 2004, p = 0.0001). We found the quality of asthma management and care to be generally better in Spain than in Latin America. Conclusions: Although there have been certain improvements in the management of asthma between severe exacerbations and during hospitalization, asthma management remains suboptimal in Spain and, especially, in Latin America.
ethics committees approved the study design. The analysis was restricted to the last admission of each patient in each year. We conducted a detailed review of the records in order to collect data related to the following: age; gender; year and month of admission; use of inhaled corticosteroids and long-acting β 2 agonists; use of theophylline as a controller medication; dose of inhaled corticosteroids (micrograms of beclomethasone or equivalent); asthma severity, according to the Global Initiative for Asthma criteria (1) ; measurements of allergenicity (skinprick test, radioallergosorbent test or other); previous pulmonary function tests; previous hospitalizations for asthma; probable cause of exacerbation; lowest arterial pH at hospital admission; FEV 1 /PEF ratio in the emergency room; admission to and length of stay in the ICU; overall length of hospital stay; cardiopulmonary arrest; intubation/mechanical ventilation during hospitalization; duration of intubation/mechanical ventilation; and in-hospital mortality. For the study of seasonal variations in the number of hospital admissions, the seasons were defined as follows: summer, July through September in the northern hemisphere and January through March in the southern hemisphere; fall, October through December in the northern hemisphere and April through June in the southern hemisphere; winter, January through March in the northern hemisphere and July through September in the southern hemisphere; and spring, April through June in the northern hemisphere and October through December in the southern hemisphere.
All data were analyzed using the program Statistical Package for the Social Sciences, version 12.0 for Windows (SPSS Inc., Chicago, IL, USA). For continuous variables, values were expressed as mean ± standard deviation. Differences between groups were evaluated using one-way or two-way ANOVA. For categorical variables, the chi-square test with Yates' correction or Fisher's exact test was used. All statistical tests were two-tailed, and values of p < 0.05 were considered significant. Standard formulas were used in order to calculate 95% CIs.
Introduction
Asthma is one of the most common chronic diseases worldwide. (1) In the United States, it is responsible for more than 1.5 million emergency room visits, approximately 500,000 hospitalizations and almost 5,000 deaths each year.
(2) In the last decade, there have been various improvements in the diagnosis and treatment of asthma. The emphasis has shifted toward patient education, objective measures of the degree of bronchial obstruction and the use of inhaled corticosteroids for the prevention of exacerbations.
(3) Despite these improvements, many authors have reported underuse of inhaled corticosteroids and inadequate assessment of airway obstruction. (4) However, there have been few studies that assessed the changes in asthma management over time. In general, such studies have evaluated cases over short periods of time and have been limited in their scope: conducted in individual facilities, limited to a small number of facilities or restricted to prescribed urban areas. (5) (6) (7) (8) In view of this lack of information, we conducted a study to evaluate modifications in the characteristics of patients hospitalized with acute severe asthma over a ten-year period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , in Spain and in eight Latin-American countries.
Methods
This project, designated the Estudio del Asma Grave en Latinoamérica y España (EAGLE, Study of Severe Asthma in Latin America and Spain), was promoted by the respective asthma sections of the Spanish Society of Pulmonology and Thoracic Surgery and the Latin-American Thoracic Association. The study sample included all inpatient (> 48 h) hospital admissions for acute severe asthma at nineteen tertiary-care hospitals in Spain (nine facilities) and Latin America (ten facilities) occurring in 1994, 1999 and 2004. Hospital eligibility, in all three of the selected years, was based on having more than 200 beds, an active emergency room and a functioning intensive care unit (ICU). We retrospectively identified and reviewed all hospital records for patients from 15 to 69 years of age admitted with a primary diagnosis of acute asthma, as defined in the ninth and tenth revisions of the International Classification of Diseases (codes 493.01 and J45;J46, respectively). The local 637 PEF was determined in the emergency room decreased significantly (from 33.3% in 1994 to 26 .1% in 2004, p = 0.0001). However, there was also a significant decrease in the mean length of hospital stay (8.5 days in 1994, 7.4 days in 1999 and 7.1 days in 2004, p = 0.0001). There were no significant changes in the frequency of ICU admission, cardiopulmonary arrest, intubation/mechanical ventilation or in-hospital death, although there was a trend toward lower in-hospital mortality.
The comparison between the hospitalizations occurring in Spain and those occurring in Latin America (stratified by year) showed that the patients hospitalized in Latin America were younger and more often had moderate or severe asthma. As can be seen in Table 3 , the proportion of patients using inhaled corticosteroids was significantly lower among those hospitalized in Latin America than among those 6.6% in 2004, p = 0.0001). Upper respiratory tract infections were less often the cause of asthma exacerbation in patients hospitalized in Latin America than among those hospitalized in Spain, and the number of hospital admissions during the summer months was lower among the latter group. In addition, measurements of allergenicity were less frequently employed in Latin America. Furthermore, the patients hospitalized in Latin America presented higher rates of previous hospital admission and of intubation/mechanical ventilation. However, 56 and 69 years of age) met the inclusion criteria and were evaluated ( Table 1) . Many of the patients presented severe, life-threatening exacerbations (PEF, 30-50% of predicted in 49.2% of the sample).
In the analysis of data collected at hospital admission (stratified by year), we found that, over the years evaluated, there was a significant increase in age, in the proportion of female patients (72% in 2004) and in asthma severity (Table 2 ). Most patients presented persistent asthma (moderate or severe). More than 50% of the patients had previously been hospitalized due to asthma exacerbation. Although the overall use of inhaled corticosteroids and longacting β 2 agonists was low, it increased over the course of the ten-year study period, whereas the use of theophylline decreased over the same period. We found that the use of inhaled corticosteroids correlated significantly with asthma severity (p = 0.001). Finally, there was a slight increase in the proportion of patients reporting being submitted to pulmonary function tests, and only a few patients reported having been submitted to allergy tests.
We found that the majority of hospitalizations occurred during the fall and winter seasons. Over the study period, there was a significant increase in the frequency of upper respiratory tract infections, together with a decrease in the number of cases in which the asthma attack had been triggered by aeroallergens. In addition, the proportion of patients with severe exacerbations increased significantly, although there was a decrease in the number of life-threatening attacks. Furthermore, the mean of the lowest arterial pH at admission increased significantly over the years evaluated. Moreover, we found that the proportion of cases in which allergy tests than were those hospitalized in Latin America. Over the course of the study period, the patients hospitalized in Spain also presented an increase in the mean of the lowest arterial pH at admission, a significant reduction in the length of the hospital stay and a significant decrease PEF determination in the emergency room was more often employed at the hospitals in Latin America, although there were no differences in the percentage of predicted PEF. Patients hospitalized in Spain were more often submitted to pulmonary function tests and Of the 3,038 patients who were hospitalized during the years evaluated, 206 (6.8%) were admitted to ICU (Table 4) . These patients, compared with those who were not admitted to the ICU, presented greater asthma severity. In addition, the proportion of patients who had previously been hospitalized was higher among those admitted to the ICU, as was the proporin the frequency of ICU admission. Regardless of the degree of asthma severity, the proportion of patients receiving inhaled corticosteroids was higher among those hospitalized in Spain than among those hospitalized in Latin America. However, there were no differences between the two groups in terms of the frequency of cardiopulmonary arrest or the mortality rate. ; and > 50 years, 68%). Among the nonsurviving patients, hospital stays were longer, and the proportion of patients using theophylline was higher. Unlike ICU admissions, in-hospital death from asthma presented a seasonal variation, peaking during the winter months.
Discussion
The objective of this retrospective, international, multicenter study was to evaluate changes in the characteristics of patients hospitalized for acute severe asthma during a ten-year period in Spain and in eight Latin-American countries.
To that end, we reviewed all hospital records for patients admitted at nineteen tertiary-care hospitals in 1994, 1999 and 2004. The data obtained indicate a significant overall improvement in the management of asthma patients between severe attacks and during hospitalizations (in terms of controller medication use and length of hospital stay).
The severe asthma patients hospitalized later in the study period presented less physiological severity, as evidenced by higher arterial pH at admission and higher percentage of predicted PEF in the emergency room. These trends have been reported previously. (5, 9) In addition, we observed a trend toward a reduction of in-hospital mortality. The in-hospital mortality rate for all patients hospitalized during the three years studied was 0.8% (95% CI: 0.6-1.2), which is in accordance with previous estimates of in-hospital mortality at individual hospitals and in ICU units, as well as with nationally representative data. (9, 10) Furthermore, there was a reduction in the frequency of cardiopulmonary arrest (2.9% in 1994, 2.7% in 1999 and 1.8% in 2004) although the difference was not statistically significant (p = 0.2).
Any optimism generated by the apparent improvements in certain aspects of asthma care over the course of the period studied is tempered by the lack of such improvements, or even a decline in the standard of care, in other aspects. One such aspect is the use of PEF measurement in the emergency room, which decreased tion of those who used theophylline, those with a history of pneumonia and those in whom the asthma attack had been triggered by aeroallergens. Furthermore, upper respiratory tract infections were less common among patients admitted to the ICU. Although the majority of ICU admissions occurred during the fall and winter seasons, there was no difference between patients admitted and not admitted to the ICU in terms of the season of admission. The patients admitted to the ICU presented greater exacerbation severity (lower mean arterial pH, lower mean PEF and longer length of hospital stay), as well as higher rates of intubation/mechanical ventilation, cardiopulmonary arrest and in-hospital death.
There were 23 in-hospital deaths (0.8% of all hospitalized patients) during the three years studied. As would be expected, the rates of cardiopulmonary arrest, intubation/mechanical ventilation and ICU admission were higher among the asthma patients who died during hospitalization. Among the patients admitted to the ICU, the overall mortality rate was 8.3% and the mortality rate for those who suffered cardiopulmonary arrest was 24.7%. The mortality rate among hospitalized patients who were submitted to intubation/mechanical ventilation was 2.5% ( Figure 1 ). Asthma severity and the frequency of previous exacerbations were greater among the tions was also lower. The proportion of patients receiving inhaled corticosteroids and longacting β 2 agonists was higher in Spain, whereas that of those using theophylline as a controller medication was lower. Accordingly, the degree of asthma severity was lower among the patients hospitalized in Spain, and those patients apparently received better in-hospital care (rates of ICU admission and intubation/mechanical ventilation were lower). Regardless of geographic location, there was a direct correlation between the use of inhaled corticosteroids and asthma severity. However, one disturbing finding was that the use of anti-inflammatory drugs among patients with moderate-to-severe persistent asthma was low (≈20%) in Latin America, suggesting that a considerable number of these patients received suboptimal treatment.
We found that, in Spain and in Latin America, there was insufficient objective monitoring of asthma between exacerbations. Despite the fact that one of the goals of the Global Initiative for Asthma is to achieve normal or near normal lung function, (1) pulmonary function tests had previously been performed in only 51.8% of the patients hospitalized in Spain and in only 35.5% of the patients hospitalized in Latin America. These data are in agreement with those obtained in previous studies conducted in Europe and Latin America. (21, 22) Our data regarding ICU admissions and in-hospital deaths are consistent with previous findings. (7) In the present study, 6.7% of all hospitalized asthma patients required ICU admission, and the mortality rate among patients admitted to the ICU was 8.3%. Few patients were submitted to intubation/mechanical ventilation, and the mortality rate among such patients was low (2.5%). Similarly, several studies conducted during the last two decades have reported mortality rates ranging from 0% to 6%. (23) (24) (25) In contrast, mortality was significantly higher among patients suffering cardiopulmonary arrest (24.7%). Deaths occurred almost exclusively in female asthma patients and in patients > 55 years of age. Factors associated with mortality were analyzed in a separate publication based on the EAGLE data. (26) This study has a number of limitations. Despite its international and multicenter character, it was performed retrospectively, and the analysis was restricted to three discrete significantly. A recent prospective study on the management of patients hospitalized with acute asthma in Spain reported that PEF had been determined in only 30% of the patients. (11) It is well established that measurements of lung function, such as FEV 1 /PEF, provide an objective evaluation of airway obstruction and constitute an integral part of the assessment of disease severity (static assessment) and of the response to therapy (dynamic assessment) in any patient over 5 years of age. (1, 3, 12) This suggests that acute asthma patients are being admitted, treated and discharged inappropriately. The reasons for the lack of more intensive use of PEF determination in emergency rooms are not clear, although influencing factors include emergency room congestion and physician time fragmentation, both of which are inherent to the day-to-day practice of emergency medicine. (13, 14) In the present study, other important variables, such as ICU admission (in 6.5%), history of previous admissions (in 58.9%) and intubation/mechanical ventilation (in 5.3%), remained unchanged or trended lower over the ten-year study period.
We found that mean patient age and the proportion of female patients increased over the course of the study period, This is in agreement with previous findings, (15, 16) and it has been suggested that gender-related differences are attributable to hormonal influences, although no specific mechanism has been postulated. (17) There was a seasonal distribution of asthmarelated hospitalizations, admissions peaking during the fall and winter seasons. This seasonal peak occurred in months without peak pollen counts and tended to be more closely correlated with the viral respiratory season. (9, 18) Viral respiratory tract infections have been associated with asthma exacerbations in children and adults. (19, 20) In fact, the seasonal peak observed in the present study was related to an increase in the frequency of upper respiratory tract infections and of pneumonia, as well as with a decrease in the proportion of cases in which the asthma attack was triggered by aeroallergens.
When the patient sample was stratified by hemisphere (Spain vs. Latin America), certain differences became evident. The standards of asthma management between exacerbations (assessing allergenicity and performing pulmonary function tests) were found to be higher in Spain, where the number of previous hospitaliza-time periods. Therefore, it is possible that not all patient charts were located in the studied years, and that continuous data do not present the same trends in patients hospitalized with acute severe asthma. In addition, there were no standardized admission criteria, and some patients, especially those over 50 years of age (typical of patients with COPD), might therefore have been misdiagnosed. The study was designed to permit temporal changes to be observed and not to explain the reasons for such changes. Furthermore, although we selected a large sample of hospitalized asthma patients from nineteen hospitals in Spain and Latin America, the results are not necessarily representative of all patients hospitalized with acute severe asthma. In fact, due to the sample characteristics, patients hospitalized in Spain were probably much better represented than were their counterparts in Latin America. Moreover, it is likely that there are significant differences between Spain and Latin America, as well as among Latin-American countries, in terms of the characteristics of their health care systems. The potential impact of these differences should be considered in the evaluation of the characteristics of hospitalized asthma patients.
In conclusion, our findings suggest that there have been some improvements in the management of asthma between severe exacerbations and during hospitalizations. However, over the ten-year study period, the standard of care apparently decreased in certain aspects (e.g., PEF determination in the emergency room), and some indicators (rates of mortality, intubation/mechanical ventilation and ICU admission) remained unchanged. In general, asthma patients hospitalized in Spain had access to a better standard of management and care than did those hospitalized in Latin America.
